The present work was designed to study the effect of feeding crushed date stone (DS) or olive cake (OC) as partial replacement of yellow corn on reproductive performance and milk yield of New Zealand White (NZW) does and bucks.
The present work was designed to study the effect of feeding crushed date stone (DS) or olive cake (OC) as partial replacement of yellow corn on reproductive performance and milk yield of New Zealand White (NZW) does and bucks.
Three experiments were conducted. The first experiment was conducted to determine the suitable amount of OC or DS in rabbit diet by digestibility trial. The digestibility trial indicated that substitution of 6.25 % of OC or DS by the same ratio of yellow corn in the commercial diets gave better digestion coefficients than 12.5%.
In the second experiment, 21 NZW doe rabbits aged 4-5 months and weighed about 3.1 kg were divided to three equal groups. The first group was considered as control group and fed commercial diet, the second and third groups were fed diets containing 6.25% OC and 6.25% DS, respectively. This experiment continued for two consecutive parities.
The obtained results revealed that, conception rate, number of services per pregnancy and litter size at birth and at weaning were improved insignificantly in DS and OC fed groups compared to control. However, litter weight at birth and weaning and average bunny weight at birth increased (P<0.05) in OC group. While, feeding DS did not affect litter weight and bunny weight appreciably. Bunny weight at weaning, bunny daily gain and viability rates did not differ due to different diets. Total milk yield (4 weeks) was better (P<0.05) in OC and DS groups than control. The total milk yield averaged 109.55, 133.93 and 129.64 g/day/doe in control, DS and OC fed groups respectively. In the third experiment, three males produced from litters of each group of the second experiment were randomly chosen after 2 months of weaning and fed the same diet regimes. At about 4.5 months of age, semen was collected twice-weekly for 6 weeks. The results revealed that, bucks fed OC or DS showed quiet improvement (P<0.05) in sexual desire, sperm motility, sperm cell concentration and semen ejaculate volume compared to control. Total motile sperm output averaged 329.21, 295.63 and 243.65 X10 6 /ml in OC, DS and control groups, respectively. Conclusively, it could be concluded that feeding 6.25% crushed date stone or olive cake as partial replacement of yellow corn in commercial diets of New Zealand White rabbits gave better reproductive performance of does and bucks and milk yield of does. Key words: Olive cake; Date stone; Reproductive; Milk Yield; Semen;
Rabbits.
In Egypt, generally and in Sinai especially, there is wide gap between the available feedstuffs and farm animal requirements. The shortage of cereal grains for human and animal consumption makes it necessary to seek for alternative feeding sources. The incorporation of untraditional agro-industrial by-products such as olive cake (El-Sayed, 2010) and date stones (Abd-El-Hay et al., 2012) may partially help in solving the problem of feedstuffs shortage for animals. On the other side, all reasonable options must be considered and evaluated to maximize feed production and utilization efficiency. Studies on different replacement ratios of olive pulp, olive cake or date stone meal had appreciable effects on reproductive efficiency of Californian and New-Zealand White rabbits (Abdel-Ghaffar, 2002) . in addition, Soliman et al. (2012) , reported that rabbits have some characteristics that make them suitable as meat-producing small livestock. The small body size, short generation interval, high reproductive potential, rapid growth rate, genetic diversity and the ability to utilize forages and by-products as major diet components, favour them for mentioned functions. Also, rabbit's meat is rich in protein (21.8%), vitamins (B 12 ) and minerals and poor of saturated fat (25%) and cholesterol (31%) and its nutritional ranking is best and consequently may help to solve the problem of animal protein shortage (Dal Bosco et al., 2012) .
Therefore, the present study was designed to figure out the effect of feeding crushed date stone or olive cake as partial replacement of yellow corn to commercial diets on reproductive performance of male and female NZW rabbits.
MATERIALS AND METHODS
The present study was carried out at the Rabbits Farm, Department of Animal and Poultry Production, Faculty of Environmental Agricultural Sciences, Suez Canal University, EL-Arish, North Sinai, during the period from June 2013 to February 2014.
Experimental design:
Three experiments were carried out to study possibility of using olive cake or crushed date stone to feed NZW rabbits, through partial substitution of yellow corn in commercial diets and study their effects on reproductive, productive and milk yield performance.
First experiment:
The first experiment was designed to determine the suitable amount of olive cake or date stone in feeding diets using digestibility trials. This was performed by replacing quarter (6.25%) or half (12.5%) the ratio of yellow corn (25 kg/100 kg) in the commercial rabbit diet by olive cake or crushed date stone. Fifteen NZW bucks aged seven months of nearly equal weights (3.250 kg) were divided randomly into five equal and similar groups (three bucks in each). The bucks were fed different five diets as illustrated in Table ( 1) and the chemical analysis in Table 2 .
According to Perez et al. (1995) , Rabbits were individually housed in metabolic cages supported by feces collection wire nets. All tested diets were offered ad libitum. Fresh water was provided all the time. The total period of digestibility trial was three weeks, the first two weeks was considered as a preliminary period followed by 7 days collection period. The feces were dried at 60°C for 48 hours. At the end of collection period, all collected feces for each rabbit were weighed, pooled and stored at 2-5 °C for chemical analysis.
The chemical analysis of the experimental samples were conducted according to AOAC (1995) . Digestion coefficients were estimated and the nutritive values as digestible crude protein (DCP %) and total digestible nutrients (TDN %) were calculated according to classic formula as described by Cheeke et al. (1986) . 
Second experiment:-
The second experiment was carried out to investigate the influence of feeding diets containing 6.25% olive cake or date stone (Table 1) instead of yellow corn (as control group) on reproductive performance and milk yield of rabbits. Twenty-one NZW does, aged 4-5 months and weighed about 3.1 kg, were divided randomly to three equal comparable groups (7 each). The data of two consecutive parities (the second and the third parity) from each group were collected and analyzed together.
Females were kept in individual cages with nest boxes (38×28×25 cm) for parturition. Cages had galvanized sheet walls and double wire floor and manual closure to allow for programmed suckling. The sexualy receptive does were introduced to fertile buck for natural mating. The pregnancy was diagnosed by abdominal palpation after ten days of mating. Those who failed to conceive were re-mated. Milk yield was estimated by the difference in weight of the bunnies after and before suckling. Reproductive parameters were recorded as follows: Number of services per conception (NSC) at a given doe was considered as the total recorded number of services of this particular doe until conception. Gestation period (GP) in days was calculated from date of fertile mating to delivery. 
Third experiment:
After 2 months of weaning, three males produced from each group of the second experiment were chosen, allocated in three equal groups and were continuously fed three different diets containing olive cake or date stone (6.25% replacement of yellow corn) compared with commercial diet. The pelleted diets were covering the nutritional requirements of the growing and pubertal phase of rabbits according to NRC (1977) . At about 4.5 months of age, semen was collected twice a week for 6 weeks, using an artificial vagina and immediately evaluated. Semen ejaculate volume, sperm motility (%), sperm cell concentration and reaction time (RT) for each buck were recorded according to Fallas-López et al. (2011) and Abd El-Azim and El-kamash (2011).
Statistical analysis:
Data were analyzed using the General Linear Model (GLM) procedure of SAS software (SAS Institute Inc., 2004, SAS/STAT ® 9.1, NC). The application of means significance tested for the differences among the different groups or sampling times were done according to Duncan (1955) . The completely random design was performed to estimate the frequencies and performance index according to Snedecor and Cochran (1989) . Pregnancy rates were compared amongst groups using Chi square analysis.
RESULTS AND DISCUSION

First experiment
Digestibility coefficients and nutritive values of the experimental rabbit diets are shown in Table 3 . The results showed that diets contained 6.25% olive cake (OC) as a partial replacement of yellow corn resulted in a significant (P<0.05) increase in digestibility coefficients of crude fiber (CF), crude protein (CP), ether extract (EE), digestible crude protein (DCP) and total digestible nutrients (TDN) as compared to 12.5% OC replacement. Also 6.25% OC diet gave higher values (P<0.05) of TDN and CF as compared to control diet values. The digestibility coefficients of organic matter (OM), crude protein (CP) and DCP were insignificantly higher in 6.25% OC diet group than that in control.
Concerning the diet containing 6.25% DS (Table 3) , TDN was (68.6±0.37%) improved significantly (P<0.05), while the other parameters did not change appreciably comparing with control group. Nevertheless, there is a significant improvement (P<0.05) in CP, EE digestibility and nutritive values (DCP and TDN) in comparing with 12.5% DS diet (Table 3) . Generally, data in Table ( 3) illustrated that, feeding rabbits by diets containing 12.5% DS decreased significantly (P<0.05) CP, EE, CF and DCP values as compared to control. However, TDN values in 12.5% DS group did not change significantly as compared to control.
The data in Table ( 3) showed that using 6.25 % OC were insignificantly differ with 6.25% DS in all measurements except CF. Also the results of 12.5% OC or DS were almost the same. The obtained results from 6.25% OC or DS diets were higher than that of control or 12.5% in most measurements. The present results are in agreement with EL-Sayed (2010) who found that digestion coefficients values of DM, OM and CP were 67.05, 68.28 and 71.38% respectively, using groups fed on olive cake meal. In addition, present results are in general agreement with other researchers (Abd El-Galil, 2001; Abd El-Rahman et al., 2003 and Mustafa et al., 2009) , who reported that the nutrient digestibilities were decreased with increasing olive pulp inclusion in the diet. Similarly, Tortuero et al. (1989) reported that digestibility coefficient of crude protein for New Zealand white rabbits fed diet containing 30% olive pulp were on average of 66.1%. Moreover, Attia (1994) found that the nutritive values as starch value and TDN of rabbit ration contained DS were decreased by increasing DS levels in tested ration. Increasing of DS in rabbit diets up to 25% decreased significantly the digestibility coefficient of CP, consequently digested crude protein and the digestable energy (kcal/kg) than in the control (Soliman et al. 2012) . Similarly, Chaabane et al., 1997 reported that increasing olive cake up to 30% in diets for 16 week-old Hyla rabbits resulted in lower digestibility of DM, OM, CF and total nitrogen with diets containing olive cakes than in the control. The reduction in nutrient digestibility by increasing olive pulp (OP) levels in rabbit diets explained by Mustafa et al. (2009) to be probably due to the negative effect of more complex tannins in OP, high content of lignin and other poorly digested components, most of total nitrogen in OP is linked to lingo-cellulose compounds and the high content of acid detergent lignin and acid detergent fiber in OP. In additions, Aguilera (1987) reported that the decrease in digestibility of CP and CF may be attributed to the relatively high lignin content of olive pulp and the fact that most of its total nitrogen is linked to lignocelluloses which are the two main factors limiting the digestive utilization of olive residues.
Based on results of the present experiment, it could be reported that substitution of 6.25% of olive cake or crushed date stone instead of the same percentage of yellow corn gave good digestibility and nutritive value and could be used to feed rabbits. Therefore, in the present work, 6.25 % partial replacement of yellow corn by OC or DS as industrial by-products was used in the subsequent two experiments to study their effect on some productive, reproductive traits and milk yield.
Second experiment:-
Reproductive performance traits of doe rabbits (Tables 4,5 and 6) as affected by feeding different diets, showed that averages of mating weights and gestation lengths were in normal ranges of NZW rabbits and were almost similar. Service numbers per pregnancy in treated groups were almost the same as compared to control one, However, Conception rate was insignificantly better (85.7%) in OC group than the DS or control (78.5%) as illustratedin in Table (4) . These results were agreed with the findings of Mahmoud et al. (1998 ), Salwa et al. (1999 , Bassuny (1999) and Soliman et al. (2012) .
The mean litter size at birth and weaning were insignificantly better in treated groups than in control group (Table 5 ). However, litter weight at birth and at weaning increased significantly (P<0.05) due to feeding OC diet and insignificantly in DS group as compared to control. Abdel Ghaffar (2002) demonstrated that supplementation of rabbits with olive pulp increased (P<0.05) litter size at birth, 21 days and at weaning by 21.7, 36.4 and 37.8% in Cal rabbit and 21.4, 29.3 and 37.5 % in NZW rabbits, respectively. Similarly, litter weight at birth, 21 days and weaning increased (P<0.05) due to treatment of heat stressed Cal and NZW does with olive pulp by 71.9, 62.3 and 91.9 % and 68, 78.3 and 90.3%, respectively. On contrarily, feeding DS did not affect litter weight at birth appreciably in comparing with control group. Moreover, there is significant increase (P<0.05) in litter weight at weaning and it may be due to the increase of does milk yield as shown in Table 7 . Elgasim et al. (1995) reported that date pits contain estrogenic-like compounds. Also, Aldhaheri et al. (2004) and Ali et al. (1999) , indicated that the estradiols concentration in serum of rats decreased significantly (P<0.05) as the percentage of date pits increased. The reduction of estradiol levels may contribute to gonadotrophic hormones levels and consequently ovulation rates.
Mean bunny weight at birth increased (P<0.05) significantly in olive cake group compared to control group (Table 6 ). Date stone group did not differ significantly with control. In addition, the mean of bunny weight at weaning, bunny daily gain and viability rates did not differ significantly due to the two treatments compared to control. The insignificant increase of bunny weight gain may be due to the does milk yield (Table 7) . The present results were partially agreed with Abdel Ghaffar (2002) who showed that bunny weight gain improved (P<0.05) as a function of olive pulp meal. Also, treatment heat stressed rabbits with olive pulp increased (P<0.05) bunny weight mean at birth, 21 days and weaning in California and New Zealand White does with 40.9, 26.2 and 38.2 %and 38.1, 36.4 and 33.7 %, respectively. Number of rabbits died at 21 days and weaning were not affected significantly by olive pulp, compared with control group. Regarding this concern, increasing date stone meal in doe rabbit diets (Soliman et al., 2012) up to 25% showed no bad effects on the productive traits of the offspring. Meanwhile, present results are within the normal range of NZW rabbits which obtained by many authors (Nasr 1998; Bassuny, 1999; and Marai et al., 2001) .
Results in Table (7) demonstrated that olive cake or date stone containing diets resulted in significant increase in total milk yield in all measured intervals from birth to weaning compared to control group. The significant increase of milk yield may be attributed to the improvement of nutrient digestibility as resulted in the first experiment (Table 3) . Also may attributed to that olive cake and date stone are rich in antioxidant and minerals and it could be considered as anti-stressors agent. The current results are in agreement with Abdel Ghaffar (2002) who showed that total milk yield from (birth-10), (birth-21) and (birth-28) increased (P<0.05) due to using olive pulp in feeding Cal and NZW does that increase was 45.4, 34.4 and 41.2 % and 73.1, 47.7 and 53.5 %, respectively. While, in Egyptian buffaloes Mustafa et al. (2008) reported insignificant differences among treatments for milk yield between rations containing olive pulp compared to the control. In addition, Sabri et al. (2010) demonstrated that lactating Damascus goats could be fed with 10% olive cake (OC) diets without any negative effects on milk composition and yield. Also usage of olive cake was recommended in goat diets because of its low cost. Increasing of date stone meal in rabbit rations up to 25% (Soliman et al., 2012) gave less milk yield (2.013-3.115 kg/doe) than that obtained in the present study (3.750 kg/doe) during suckling period (28 days).
Third experiment:
Table (8) showed that sexual desire expressed as reaction time (RT) was improved (P<0.05) in treatment groups compared to control. The averages of reaction time were 11.66, 6.80 and 6.93 seconds for control, olive cake and date stone groups, respectively. In general, the results obtained in this study were in average range and agreed with most literature reviewed as (Fallas-López et al. (2011) . The difference between control group and olive cake or date group was few seconds and in practice, it is not large difference.
Feeding olive cake or date stone supplemented diets by the suitable mentioned ratio increased (P<0.05) each of individual motility and sperm cell concentration (X10 6 ). Semen ejaculate volume without gel material and total motile sperm per ejaculate recorded slightly improvement in treated groups with no significantly differences comparing with control group. However, there was a significant increase observed in total motile sperm per milliliter due to olive cake or date stone. Using olive cake meal or date stone in rabbit diets had good effects on reaction time and physical semen characteristics, since the rations may fulfill some traces of minerals, vitamins or other metabolites, which increase the spermatogenesis. In addition, the improvement in male reproductivity due to olive cake treatments might be attributed to that the olive cake had high amount of unsaturated fatty acids, which stimulate steroid hormone secretion. All values obtained in this study were in normal ranges and agreed with Roca et al. (2005) and (Fallas-López et al. (2011) . Regarding using olive cake or date stone and their impact on reproductive efficiency of rabbit bucks, there is a lack in literatures. Nevertheless, many authors (Nasr, 1998; Daghash et al., 1999 and El-Nattat and El-Kady, 2007) studied the using of Agro-industrial by-products and observed improvement in semen characteristics of rabbit bucks. Including of the diets with the level of 6.25% olive cake or crushed date stone might be useful in feeding rabbits. Increasing the levels of these agro-industrial by-product might affect adversely digestibility coefficients, productive and reproductive performance of male and female rabbits.
Conclusively, it could be concluded that, replacing 6.25% yellow corn by olive cake or crushed date stone to feed NZW rabbits gave better productive and reproductive performance. 
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